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TionoBfifi OF "^^TVg PAPER 

It is Standard practice to make paper by a process 
comprising forming a cellulosic suspension, addxng a 
: ren^ion'system to t.e suspension, draining --^J^^ZTZ 
through a screen to form a sheet, and dry.ng the sheet xn 
conveLional manner to ma)ce the desired paper, which can be 

a paper board. ^^^^ 
The retention system is included in the suspension 
hefore drainage in order to improve retention of t.bre 
and/or filler. The retention system can consist of a 
Tn^le addition of polymer in which event the polymer .s 
usually a synthetic polymer of high molecular wexght, or 
Te retention system can comprise sec^ential -d-.o- ^J 
different retention aids. Before adding a high molecular 
Tight polymer or other retention aid it - 
include low molecular weight cationic polymer, tor i^^^ance 
Ta wet strength resin or as a pitch \ ^^^f/-; 

The molecular weight of such polymers is generally too low 

to give useful retention. . fc.„h 

A common retention system comprises the use of high 
molecular weight (for instance intrinsic viscosity above 
.dl/g) cationic polymer formed from ethylenically 
unsaturated monomers including, for instance. 10 to 30 mol. 
cationic monomer. detention systems are also .nown in 
Which high molecular weight non-ionic polymer or high 
molecular weight anionic polymer is used. „^ 
some Of the Known retention systems using polymers 
formed from water soluble ethylenically unsaturated 
™s can give good results on a range of P-P- J" 
instance the Hydrocol (trade marK) process that uses a 
cationic polymer followed by a swelling clay (see EP-A- 
«S893) gLergood retention and drainage results on many 
stocHs Howe!er the need to handle and supply bentonite 
or !ther swelling clay is sometimes inconvenient and with 
Le stocs a more cost effective treatment may be 
desirable, especially when good formation is required. 
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The use of phenol- or napthol- sulphur resins, or of 
phenol- or napthol- formaldehyde resins, followed by 
polyethylene oxide is described in U.S. 4,070,236. The 
phenol formaldehyde resins are exemplified by commercial 
products and it is stated that the preferred products are 
formed by condensation of formaldehyde with m-xylene 
sulphonic acid and dihydroxy diphenyl sulphone. The 
commercial products that are named are described as 
synthetic tanning agents. The molar proportions used for 
making the phenol formaldehyde resins are not described but 
we believe that the commercial tanning agents were probably 
made using an amount of the sulphone such as to provide 
about half the recurring groups in the polymer. 

We are aware that there has been some commercial use 
of retention systems comprising water soluble phenol 
formaldehyde resin followed by polyethylene oxide on 
relatively dirty cellulosic suspensions (i.e., suspensions 
having a high cationic demand). Although in some 

instances such processes have given useful results, they 
have proved to be of very limited commercial applicability. 

It would be desirable to provide an entirely new type 
of retention system since this would afford the opportunity 
to optimise it for a wide variety of stocks and would give 
the paper-maker a widened choice of retention systems. It 
would also be desirable to provide such a system that can 
give a good combination of retention, drainage and 
formation on a variety of stocks, including dirty stocks. 
It would be desirable to provide a system that utilises 
cost effective materials that are easy to handle, and that 
preferably does not require the use of bentonite or other 
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swelling clay. 

According to the invention, a process of making paper 
comprises forming a cellulosic suspension, adding to the 
suspension a water soluble cationic retention aid which is 
a polymer which is cationic in the suspension and which xs 
formed from a water-soluble ethylenically unsaturated 
monomer blend containing 0.1 to 15 mol% cationic (including 
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potentially cationic) monomer, and has intrinsic v.scosxty 
at least 4 dl/g, and then adding a substantially soluble 
condensate of formaldehyde with one or more aromatxc 
hydroxyl compounds and/or aromatic sulphonxc acxd 
compounds, draining the suspension through a screen to form 
a sheet, and drying the sheet. 

we believe that some type of complex formation occurs 
between the absorbed cationic polymer and the formaldehyde 
condensate and in some instances a gelatinous rheology xs 
obtained when adding a solution of the condensate to a 
solution of the cationic polymer at the pH of the 
suspension when the cationic content of the cationxc 
polymer is suitable for the particular stock pH and 
formaldehyde condensate. 

The formaldehyde condensate can be a condensate of 
formaldehyde with naphthalene sulphonic acid and optionally 
a phenolic material. Preferably it is a condensate of 
formaldehyde with a phenolic compound (for instance phenol 
itself) , optionally also with an aromatic sulphonxc acxd 
that can be condensed with formaldehyde, for instance a 

phenol sulphonic acid. 

The amount of formaldehyde per mole of aromatxc 
compound is preferably 0.7 to 1.2 moles, preferably 0.8 to 

0.95 or 1 moles* . ^v. 

The preferred formaldehyde condensate for use xn the 
invention is phenolsulphone-f ormaldehyde resin (PSR resxn) 
consisting essentially of recurring units of the formula 

-CH2-X- 

wherein (a) 10 to 100% of the groups X are di (hydroxy- 
phenyl) sulphone groups, (b) O to 90% of the groups X are 
selected from hydroxy phenyl sulphonic acid groups (x.e. 
groups Which contain at least one hydroxy-substxtuted 
phenyl ring and at least one sulphonic group) and 
naphthalene sulphonic acid groups and (c) 0 to 10% of the 
groups X are other aromatic groups, the percentages bexng 
on a molar basis. 
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The amount of groups (a) is usually at least 40%, and 
preferably at least 65% or at least 70%. It can be 100%, 
but is often not more than about 95%, with amounts of 75 or 
80% to 95% often being preferred. 
5 The amount of groups (b) can be zero, but it is 

usually desirable to include at least about 5% in order to 
improve the solubility of the resin. It is usually not 
more than 60%, although higher amounts can be used 
especially when the groups (b) are also groups (a). The 
10 amount of groups (b) is often in the range 5 to 35%, 

preferably 5 to 25%. 

Groups (c) do not usually contribute usefully to the 
performance of the PSR and so the amount of them is usually 

low, often zero. 
15 Although all the groups (b) can be naphthalene 

sulphonic acid groups, usually at least half, and 
preferably all the groups (b) are hydroxy-phenyl sulphonic 
acid groups. 

Instead of using hydroxy phenyl sulphonic acid groups 
and/ or napthalene sulphonic acid groups as (b) it is 
possible to use any other aromatic sulphonic acid groups 
that are condensable into the formaldehyde condensate, 
such other groups include substituted phenyl sulphonic 
acids such as, for instance, m-xylene sulphonic acid, but 
these are usually less preferred. 

Any groups (c) are usually hydroxy-phenyl groups, most 
usually phenol or a substituted phenol. 

When some or all of groups (b) are di (hydroxy-phenyl) 
sulphone groups which are substituted by sulphonic acid, 
these groups will count also as groups (a) . Preferably at 
least half the groups (a), and usually at least three 
quarters and most preferably all the groups (a) , are free 
of sulphonic acid groups. 

The preferred PSR resins include 40 to 95% (usually 50 
35 to 95% and most preferably 70 or 75% to 90 or 95%) 
di (hydroxy-phenyl) sulphone groups free of sulphonic acid 
groups and 5 to 60% (usually 5 or 10% to 25 or 30%) hydroxy 
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'A rTT-ouDS free of di (hydroxy-phenyl) 

usually ortho to P following recurrxng 

resins can be represented as having 

groups . 



OH 
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20 Where R is SO3H 

and X is 0.1 to 1.0, 
y is 0 to 0.9, 
z is 0 to 0.1 
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and x + y + z- ^ „=:4.«o95 preferably it 

is „o^ more »-'^- at least O.X. 

is not BOre J ' " as illustrated with 

_ rt..rrirz;e\ei. =-v:r:rrcr:^r 

- rral^TtnTrethVlene Un.a,es 
However thxs is not e aromatic 

- - -n^lV VrrreT^rTtnat see or .11 
ring, m particular, it is p methylene 

«.e aihyac>^ '--i/:;:"::: nn^s. t^at one 

:tr;e:e'ur: r o^ one^^en^l rin, an. t.e other 
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methylene linkage is onto the other ring. The various 
rings may be optionally substituted and usually have the 
sulphone group and the group R para to the phenolic 
hydroxy 1 group, as discussed below. 
5 Preferred compounds have the formula shown above 

wherein x is 0.75 to 0.95, y is 0.05 to 0.25 (preferably 
0.05 to 0.2), z is 0 to 0.1 (preferably O) and R is SO3H. 
These novel compounds are useful as retention aids in the 
manufacture of paper (especially in the process of the 
10 invention) and as carpet stain blockers (see for instance 
U.S. 4,680,212). The characteristic content of sulphonic 
groups permits the compounds to be made easily to a 
particularly suitable combination of high molecular weight 
and solubility. The molecular weight of the new compounds 
15 is preferably such that they have a solution viscosity 
mentioned below, preferably above 200cps or more. 

The sulphonic acid groups may be in the form of free 
acid or water soluble (usually alkali metal) salt or blend 
thereof, depending on the desired solubility and the 
20 conditions of use. 

The PSR resin may be made by condensing 1 mole of the 
selected phenolic material or blend of materials with 
formaldehyde in the presence of an alkaline catalyst. The 
amount of formaldehyde should normally be at least 0.7 
25 moles, generally at least 0.8 and most preferably at least 
0.9 moles per mole of A + B + C. The speed of the reaction 
increases, and the control of the reaction becomes more 
difficult, as the amount of formaldehyde increases and so 
generally it is desirable that the amount of formaldehyde 
30 should not be significantly above stoichiometric. For 
instance generally it is not more than 1.2 moles and 
preferably not more than 1.1 moles. Best results are 
generally obtained with around 0.9 to 1 mole, preferably 
about 0.95 moles formaldehyde. 
35 The phenolic material that is used generally consists 

of (A) a di(hydroxyphenyl) sulphone, (B) a sulphonic acid 
selected from phenol sulphonic acids and sulphonated 
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. V. „c.c. ^and sometiines naphthalene 

sulphonic acxd) and ° ^ selected to give the 

or Wherein the wexght in 

,e.ired ^X:^::::^^::^. ax.. possi^Xe to .or. 
5 the range 25 1 to 11 ^^^^^^^^ ^ optionaXXy 

the condensate solely xro ^^^^ 

with 0-10% hy weight (c) . ^-^^^^'^^^^^^'^^^.y obtained 

on.i to 1-1 5 and best resuXts are generaxxy 
range 20:1 to 1.1.5 a 2:1 or 

When it is in the range 20.1 to l.i, 

^° is free-of sulphonic acid groups. It is 

T^rpreflrred that at least 50% hy weight of 
' ent mis free of di (hydroxyphenyl) sulphone groups 

component (B) is provided by a phenol 

and preferably all of component (B) xs pr 

15 sulphonic acid. included but is 

Other phenolic material (C) can 

generally omitted. condensing 

weight Of a phenol sulphonic acxd_ a 

sy^etrioal compound in sulphone 
substitutea by hyaroxy be used 

,.o„p, but other --P--;;;*;^:^ ^ hydro:^ groups 
include those wherexn ^^'^''^^' '^J sulphone group end 

30 is et an ortho or .et. ^^^Z.^^ substituents 
those wherein there are 

1 suiphonic ---i- z 

„1 group o. -;^f:-i/:„;rs :rth!s type that 
- sulphonic therein the sulphonic acid group 

Ts^r^ o?::ta « the hydro^l group and those vhere.n 
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there are other non- interfering substituents elsewhere in 

the ring. . 

other phenyls that can be included are unsubstituted 
phenyls and phenyl substituted by non- interfering groups. 
5 Typical non-interfering groups may be included m any 

of the phenyl rings include, for instance, alkyl groups 

such as methyl. 

The molecular weight of the condensate is preferably 
such that a 40% aqueous solution of the full sodium salt of 

10 the sulphonic acid groups of the condensate has a solution 
viscosity Of at least 50 cps, generally at least 200 cps 
and typically up to 1000 cps or more, when measured by a 
Brookfield viscometer using spindle 1 at 20 rpm and 20«'C. 
suitable PSR resins having a content of phenol 

15 sulphonic acid are available from Allied Colloids Limited 
under the tradenames Alcofix SX and Alguard NS. The 
preferred novel compounds can be synthesised as described 
above. 

The cationic polymer should be soluble in water and 
20 preferably is a substantially linear polymer formed in the 
absence of cross linking agent under conditions that 
provide a polymer that has high solubility typical of 
cationic retention aids. However if desired the polymer 
may have partial insolubility, as described in EP-A-202780, 
25 for instance due to the use of 5 to 50ppm polyethylenically 
unsaturated cross linker in the preparation of a high 
molecular weight revere phase emulsion polymer. 

The cationic polymer should be cationic in the 
suspension as measured by a Mutek or other suitable 
30 particle Charge Detector. The total proportion of cationxc 
groups must be quite low as otherwise satisfactory results 
are not obtained. Usually it is below 10 mole % and 
usually below 7 mole %. Anionic (including potentially 
anionic) groups may be included. If they are in free acid 
35 form (i.e., potentially anionic) they may not reduce the 
cationic nature of the polymer but if they are in ionised 
form in the suspension the molar amount of ionised anionic 
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•1 -I . v>= leas-t 1 mol% less than the 
groups should usually be at least 

. -t-ha-t- the Dolvmer behaves 

amount of cationic monomer (so that the poiym 

primarily as a cationic polymer) . . . ^ 

The remainder of the monomer blend is non-xonic. Any 
5 Of the conventional water-soluble ethylenically unsaturated 
non-ionic monomers can be used, acrylamide bexng the most 

comicion* . 

The preferred polymers are formed by copolymer isxng 

0 1 to 15 mol% cationic monomer together with 99.9 to 70 
10 (Often 99.9 to 85) mole % non-ionic monomer and 0 to 20 

often 0 to 14.9) mole % anionic monomer. Preferably the 
amount of ionised or free acid anionic groups is at least 

1 mol% less than the amount of cationic monomer, and xs 
Often not more than about 1 or 2 mol%. The -°-t °f 

15 cationic monomer is usually at least 0.5 mole % and below 
7 mole %, preferably below 6 mole %. , 

The non-ionic monomer is preferably acrylamxde, 
optionally contaminated with trace amounts of sodxum 
acrylate, but other water-soluble, ethylenxcally 
20 unsaturated monomers can be used. 

The anionic monomer may be water-soluble ethylenically 
unsaturated carboxylic acid or sulphonic acid monomer, 
usually acrylic acid (or an alKali metal or other water 

soluble salt) . . i 

,S The cationic monc^er is preferably dialKyl a«^no allcyl 

,.eth, -acrylate or -acrylamide a. acid addition or 
U^ernary a™.oniun salt or as potentially catxcn.c tree 
base, or diallyldialHyl quaternary Bonomer. ^'^-^--'[^ 
cationic monomers are diallyldi-ethyl ammonium chloride 

.1 acrvlate and dimethylamxnopropyl 

3 0 dimethylamino ethyl (meth) acryiate an „ 

. ^ • -FrtTTn of acxd addxtxon or 

(meth) acrylamide xn the form or a . ,^ 

quaternary ammonium salts. However in some suspensions it 
Ts possible to supply the polymer as a free base and 
convert it into the salt form in the suspension. 
35 The intrinsic viscosity of the catxonic polymer xs 

generally above 6 dl/g, e.g. 7 to 12 dl/g or more. IV is 
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xneasured by suspended level viscoxneter at 25«C in buffered 

IN NaCl. . 

The amount of the high molecular weight cationic 
polymer that is added to the cellulosic suspension is 
usually at least 25 g/t and is usually at least 100 g/t 
(i.e. , grams per tonne based on dry weights) . Best results 
are generally obtained when the amount is above 200 g/t, 
frequently above 500 g/t. It is generally unnecessary for 
the amount to be above 2,00O g/t. The amount of the 
condensate is often in the range 500 to 3 000 g/t. 

The dry weight ratio of cationic polymer : formaldehyde 
condensate is 4:1 - 1:10 preferably at least 2:1 and is 
generally at least 1:1. It can be as much as 1:6 but it is 
generally unnecessary for it to be above 1:3. 

The cationic polymer is preferably incorporated into 
the cellulosic suspension before adding a solution of the 
formaldehyde condensate. The cationic polymer can be 
provided initially to the user as, for instance, a powder 
or a reverse phase emulsion. It can be incorporated into 
the suspension in conventional manner, for instance by 
initially converting it to a dilute acjueous solution (e.g., 
0.01 to 3% by weight polymer) and adding that solution to 

the suspension. 

When the cationic polymer is added to the cellulosic 
suspension, visible flocculation usually occurs, and the 
initial floes that are formed may be broken down to smaller 
floes before the anionic polymer is added. The initial 
flocs may be broken down to smaller floes solely by 
turbulence in the suspension as it flows to the point of 
which the anionic polymer is added or the flocs may be 
broken by the application of a deliberate shear stage such 
as a pump or centriscreen between the dosage points for the 
cationic polymer and the formaldehyde condensate. 

we believe the use of a high molecular weight, low 
charge, cationic polymer is needed to allow the polymer 
Chains to be absorbed onto the cellulosic fibres (and 
filler if present) in the suspension. We believe that the 
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exposed parts of the cationic polymer molecules are exposed 
to and are subjected to ionic or hydrogen bonding to, the 
bulkier, shorter chain length, condensate polymer 
molecules. We believe these are thereby insolubilised and 
5 cause a supercoagulation effect somewhat similar to the 
effect that, is obtained upon the addition of swelling clay 

in the Hydrocol process. 

The process does, however, normally give a smaller 
floe structure that is obtained when using a swelling clay 
10 (in the absence of shearing the floes) , and so gives very 

good formation. 

The process can be used successfully on a wide range 
of cellulosic suspensions. The suspension can be clean or 
dirty (i.e., they can have low or high cationic demand). 
15 They can be filled or unfilled. 

The use of tbe defined retention system is of 
particular value when the suspension is relatively dirty 
and contains lignins and anionic trash. The dirty 
suspension can be dirty due to the inclusion of a 
20 significant amount, for instance at least 25% and usually 
at least 50% dry weight, of a dirty pulp such as a pulp 
selected from ground wood, thermomechanical pulp, de-rnked 
pulp, and recycled pulp. Many paper mills now operate on 
a partially or wholly closed system with extensive 
25 recycling of white water, in which event the suspension may 
be relatively dirty even though it is made wholly or mainly 
from clean pulps such as unbleached/or bleached hardwood or 
softwood pulps, and the invention is of value in these 
closed mills. Typical dirty suspensions have a catxonic 
30 demand of at least 0.05 meq/1, usually at least 0.1 and 
most usually at least 0.03 meq/1 and up to, for instance 
0.6 meq/1. In this specification cationic demand xs the 
amount of polydiallyl dimethyl ammonium chloride 
homopolymer (POLYDADMAC) having intrinsic viscosity about 
Idl/g that has to be titrated into the suspension to obtain 
a point of zero charge when measuring streaming current 
potential using Mutek PCD 02 instrument. 
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The invention can also successfully be applied to the 
treatment of any of the conventional suspensions which can 
be clean or reasonably clean and can be used for makxng a 
wide range of papers including newsprint, tissue, fxne 
5 paper and other grades of paper (including board). 
Typical Clean suspensions are made from unbleached and/or 
bleached hardwood or softwood pulps and have low cationxc 
demand (below 0 . 1 and usually below 0.05 meq/1) . 

The suspension may be substantially unfilled, for 
10 instance containing not more than about 5% or 10% by weight 
(based on the dry weight of the suspension) filler, or the 
suspension may be filled. Some or all of the filler may be 
introduced as a result of some or all of the suspensxon 
being derived from de-inked pulp or broke. Fxlled 
15 suspensions are made by the deliberate addition of 
inorganic filler, typically in amounts of from 10 to 60. by 
weight based on the dry weight of the suspensxon. 

The suspension may, before addition of the retention 
aids, have had conventional additives included in it such 
20 as bentonite, cationic starch, low molecular weight 
cationic polymers and other polymers for use as, for 
instance, dry or wet strength resins. 

It may be desirable to select the ionic content of the 
cationic polymer and the solubility (for instance the 
proportion of sulphonic groups) of the condensate according 
to the pH of the suspension, in order that- the desxred 
degree of insolubilisation or other interaction occurs. 
By such selection, it is possible to obtain good results xn 
acidic suspensions, for instance pH4-6, as well as xn 
suspensions having higher or alkaline pH values. 

in the following examples of the invention, 500ml of 
a paper stock was stirred at lOOOrpm in a Britt jar, the 
first retention aid was added as a solution and the 
suspension stirred for 30 seconds and the second component 
was then added as a solution and stirred for 3 0 seconds. 
500ml of the treated suspension was then filtered through 
a 75;xm filter. The first 30ml was discarded and the 
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.olids content ot the following 100.1 was recorded and 
Mtilised to express % retention. 

Draina,e^l:.e is determined, on a suspension prepared 
in this manner, by a modified Schopper Kiegler test 
s A is a PSR fonned frOB formaldehyde w.th p-di 

(hydroxyl phenyl, sulphone and p-phe„ol sulphonic acid xn 

' ^'TJT.i:V::::.ro. ... s^. matenals hut With a 
wei,ht ra^io , eo.O 

b' is a similar product but with a ratio S0 = 20 

b" is a product similar to B hut of higher molecular 

"'"'c is a PS« formed from the same materials hut with a 
weight almethyl^minoethyl 
acrvl^te MeOl Vaternary salt having IV 10-12dl/g and a 
cltlo:!: Tharge'cf hy weight .measured hy Mute. Pcno.. 

titrated against poly °^^-> 
20 E is a copolymer or x^ne &aiu 

'p Is"copolymer of the same monomers. .% cationic. IV 
' '"1 is a copolymer of the same monomers, 1% cationic, IV 
" ° is a copolymer of the same monomers, 3% cationic, IV 

' ^''l is a copolymer of the same monomers, 9% hy weight 

cationic, IV = 11 -5 , ol bv weight 

3 0 J is a copolymer of the same monomers, 10% by weigh 

"''°Th!' tables Shown in each of Examples 1. . and 3 show 
drainlgl times obtained on a pressure groundwood pulp mill 
drainage t^ significant improvement .n 

stocK. after the cationic 

35 drainage obtained by adding the PSR after 

polymer • 
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Graphs 1 and 2 show retention values on a 1% 

gr oundwood stock. 

In graph 1, 1 represents D then B while 2 represents 
B then D. D is applied at 500g/t and the dose of B is 
5 shown. This graph shows that good retention can be 
obtained using PSR followed by cationic, but that the 
effect is dose sensitive in this particular test. Graph 
1 also shows that better retention, that is not dose 
sensitive is obtained using cationic followed by PSR, with 

10 best results when the ratio is about 1:2. 

Graph 2 confirms the benefit of this process. 3 
represents D then B (ratio 2:1), 4 represents D alone and 
5 represents B alone. The dose of B/D/D + B is shown. 

Graph 3 shows drainage times for various PSR resins 

15 using grovindwood stock and shows the remarkably fast 
drainage obtained by the invention. It also shows 

improvement with reduction in the amount of sulphonic acid 
groups, best results being obtained at 80:20 and 90:10. 
The floe size in these tests was small, indicating that the 

20 sheet will have good formation. The amount of D is 
lOOOg/t, added before the PSR. The dosage of the PSR is as 
shown. 

Graph 4 shows drainage values on TMP mill stock using 
polymers E or F at lOOOg/t before the shown amounts of 
25 polymer B. It demonstrates that there may be an 
improvement in performance as the IV of the cationic 
polymer increases. Again floe size was small. 

Graph 5 shows drainage values on TMP mill stock using 
polymers E, H, G or I at lOOOg/t with the shown amounts of 
30 B. It demonstrates that as cationic content increases up 
to 9% there is an improvement in performance. Again floe 

size was small. 

It is very unusual to obtain this combination of fast 
drainage with small, tight floes. These results 
35 demonstrate that the process of the invention can give an 
excellent combination of drainage rate, retention, drying 
rate, and formation. 
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Fvample 1 
Polymer D alone 



D g/t 


drainage / seconds 


0 


182 




207 


100 




207 


200 
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1000 




182 


2000 






186 


4000 



15 



20 



25 



u uy / w — - 

psR / g/t 


B 


C 


1000 


147 
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113 


4000 
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20000 


65 


83 
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Polymer E alone 



E g/t 



500 
1000 
2000 
4000 



drainage / seconds 
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500 


65 


124 
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2000 


69 


71 


4000 


73 


65 
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ExamDle 3 






2 00 Og/ 1 polymer 


J followed by PSR 


(polymer alone gave 


drainage time of 


13 5 seconds) 




PSR / g/t 


B 


c 


500 


42 


64 


1000 


37 


47 


2000 


41 


41 


4000 


55 


39 


10000 


57 


48 
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I I process of making paper which comprises forming a 
cellulosic suspension, adding to the suspension a water 
soluble cationic retention aid which is a polymer which is 
oationio in the suspension and which is formed from a 
water-soluble ethylenically unsaturated monomer blend 

containing 0.1 to IS mol% '^-^"^^"^/^^^f^^^^ 
cationio) monomer, and has intrinsic viscosity at least 4 
dl/g, and then adding a substantially soluble condensate of 
fo^ldehyde with one or more aromatic hydroxyl compounds 
and/or aromatic sulphonic acid compounds, draining the 
suspension through a screen to for- a sheet, and drying the 

2 A process according to claim 1 in which the condensate 
o; formaldehyde is phenolsulphone-f ormaldehyde --i" (^^^ 
,esin) consisting essentially of recurrxng unxts of the 

formula 

Wherein (a) 10 to 100% of 4e groups X are di (hydroxy- 
phenyl) su Phone groups, (b, o to .0* of the groups X are 
seleLed from hydroxy phenyl sulphonic acid 
groups Which contain at least one hydroxy-substituted 
Phenyl ring and at least one sulphonic group, and 
naphthalene sulphonic acid groups and ,c, 0 to 10% of the 
^oups X are other aromatic groups, the percentages being 
on a molar basis. 

3 A process according to claim 2 in which the amount of 
g;oups (a) is 70 to 95% and the amount of groups (b, is at 

r^Vp^ocess according to claim 2 or claim 3 in which the 
PSR resin is firmed from dihydroxy phenyl sulphone groups 
free Of sulphonic acid groups and hydroxy phenyl sulphonic 
acid groups free of dihydroxy phenyl sulphone groups and 
™tionallv other hydroxy phenyl groups. 

r Tprocess according to any of claims 2 to 4 in which 
the PSR resin has the following recurring groups 



20 



30 4. 
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CH2 




where R is SO3H or compounds wherein the methylene linkages 
may be substituted into other positions in the rings and 
Wherein x is 0.7 to 0.95, y is 0.05 to 0.3 and z is 0 to 
0.1 and X + y + z = 1. 

6. A process according to claim 5 in which R is SO3H, x 
is 0.75 to 0.95 and y is 0.05 to 0.25. 

7. A process according to any of claims 2 to 6 in which 
a 40% aqueous solution of the full sodium salt of the 
condensate has a solution viscosity of at least 200cps when 
measured by a Brookfield viscometer using spindle 1 at 
20rpm at 20°C. 

8. A process according to any preceding claim in which 
the cationic polymer is a polymer of 0.1 to 15 mole % 
ethylenically unsaturated cationic monomer, 99 to 7 0 mole 
% ethylenically unsaturated non-ionic monomer and 0 to 20 
mole % ethylenically unsaturated anionic monomer. 

9 A process according to claim 7 in which the amount of 
anionic monomer, if present, is at least 1 mole % less than 
the amount of cationic monomer and the amount of cationic 
monomer is 0.5 to 7 mole %. 

10. A process according to any preceding claim in which 
the dry weight ratio of cationic polymer : formaldehyde 
condensate is 4:1 to 1:10. 
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